Control of swine dysentery with antibiotics is often ineffective due to the resistance of Brachyspira hyodysenteriae. The potential of some herbal-based components against B. hyodysenteriae was previously studied in vitro. This study aims at the evaluation of in vivo effi cacy of phytogenic feed additives in the control of swine dysentery
INTRODUCTION
Swine dysentery (SD) is a severe form of mucohaemorrhagic colitis of pigs, and one of the most serious and damaging pig diseases in many swine-rearing countries. The etiological agent of SD is the anaerobic intestinal spirochaete Brachyspira hyodysenteriae [1] [2] [3] [4] [5] [6] .
For the treatment of SD, three groups od antibiotics are used: pleuromutilins (tiamulin, valnemulin), macrolides (tilozin, tylvalosin) and lincosamides (lincomycin), despite numerous side effects reported following their use, such as lethargy, depression, erythema, edema, diarrhea, pruritus, prolapse pyrexia, ataxia, anorexia and even death [7] .
Pleuromutilins were considered most effective in SD treatment although their increased use caused reduced susceptibility of B. hyodysenteriae [8] [9] [10] [11] [12] . Antimicrobial resistance against macrolides and lincosamides is widespread, and recent investigations have shown that almost 100% of B. hyodysenteriae isolates originating from EU countries are resistent to tylosine and lincomycin [9, [13] [14] [15] . In addition, low susceptibility to the same antibiotics has been recently proved for four Brachyspira species originating from U.S. swine herds [16] . Moreover, multiresistant isolates of B. hyodysenteriae were recorded [14, [17] [18] [19] . These facts suggest serious problems in SD treatment and a great need for alternative control of SD.
In intensive animal production, different alternatives to in-feed antibiotics have been increasingly considered due to comparable growth and health promoting effects [20] [21] [22] . In recent years, plant-derived compounds (such as herbal extracts, spices and essential oils), known as phytogenic feed additives, have attracted attention because of their multiple favorable properties such as antimicrobial, antioxidant and anti-infl ammatory effects that lead to the improvement of gut function, growth performance and carcass quality [23] [24] [25] [26] [27] .
There is no scientifi c clinical evidence of the effect of phytogenic feed additives on the prevention and control of SD. Verlinden et al. [28] demonstrated in vitro antibacterial potential of several EO components against poultry Brachyspira isolates. Besides, feed supplemented with coated trans-cinnamaldehyde reduced Brachyspira colonization in in vivo experiments with young pullets [28] . Recently, the effi cacy of herbal components against B. hyodysenteriae was tested in several separate studies [29] [30] [31] , but they were all conducted in vitro. However, in order to verify the effi ciency of the extract, all the above mentioned authors made a note that its effects should be tested in fi eld conditions. Thus, no phytogenic compound or product has been tested in vivo to evaluate their effect against SD.
The objective of our study was to investigate the in vivo effi cacy of two phytogenic feed additives (Patente-Herba® and Patente-Herba® Plus) in the prevention and control of outbreaks of SD. The experimental groups of pigs were placed in pens separated by an empty one between any of the two. Group 1 received the feed supplemented with Patente Herba® (PH), and group 2 the feed supplemented with Patente Herba® Plus (PHP). In the third group SD was treated with tiamulin (ТC+) and it was the positive control. The fourth group was fed with feed without antibiotics or additives and was the negative control (C-).
MATERIAL AND METHODS
Piglets were observed three times a day for feed and water consumption, and symptoms of illness. Fecal consistency was scored as 0 = well-formed, normal feces; 1 = soft (the consistency of wet cement); 2 = runny and/or watery feces; 3 = diarrheic feces containing mucus; 4 = diarrheic feces containing blood.
The presence of B. hyodysenteriae in the feces was determined on day 0, one day before the administration of the additives began, and on days 7, 14 and 21. The fecal samples were collected from individual pigs by rectal swabbing for PCR analyses and pooled stool samples obtained from each pen were used for isolation of B. hyodysenteriae. A total of 256 individual and 16 pooled stool samples were collected.
Detection of B. hyodysenteriae
B. hyodysenteriae was isolated from the samples by the BAM-SR method described by Calderaro et al. [32] including a BHI-SR pre-treatment step. Isolates were further identifi ed by PCR method described by La et al. (2006) , after isolation of DNA by boiling. Primers H1 (5´-ACTAAAGATCCTGATGTATTTG-3´) and H2 (5´-CTAATAAACGTCTGCTGC-3´) designed by La et al. [33] were used also for identifi cation of B. hyodysenteriae individual fecal samples after isolation of DNA by QIAamp ® DNA Stool Mini Kit (QIAGEN, Hilden, Germany), according to the manufacturer's protocol. PCR was performed in Multigene Gradient Thermal Cycler (Labnet International, Inc) according to conditions given by La et al. [33] .
Performance recording
Piglets were weighed on day 0, 7, 14 and 21 to calculate weekly weight gain for each week. Weight gain in the three-week period (from day 0 to 21) was also calculated. Feed intake and feed conversion ratio were recorded weekly, and also for the threeweek period (from 0 to 21 st day).
Statistical analysis
Statistical analysis of the results was carried out using STATISTICA v6.0 (StatSoft, Inc, Tulsa, USA) software. A chi-squared test was used to evaluate the differences in the frequency of feces categories between groups. Given that the data about pig weight gain for the negative control in the 2nd and 3rd week, as well as in the experiment as a whole were heterogeneous (coeffi cient of variation >30%), the transformation y=x+1 was applied to all data. The averages were compared in the one-way analysis of variance for completely randomized block design and with Tukey's post hoc test. In the analysis of feed intake and FCR relative numbers were used.
RESULTS
In the 21-day period, in the negative control pigs (C-) all feces categories were detected, and in pigs in other experimental groups (TC+, PH and PHP) only normal and soft feces was seen ( Figure 1 ). χ In all samples examined with microbiological tests, isolates of spirochaetes were identifi ed as B. hyodysenteriae. PCR confi rmed the same bacterial pathogen in all samples analyzed.
At the beginning of the experiment (day 0) there were no signifi cant differences in the average weight between the experimental groups of pigs (F=0.068, p=0.376). The least average weight gain in all of the periods observed (fi rst, second and third week and three-week experimental period as a whole) was detected in group C-. The highest average weight gain in the fi rst week was in groups TC+, PH and PHP, in the second week in groups PH and PHP, in the third week in groups TC+, PH and PHP and throughout the three-week long experimental period in groups PH and PHP. Given the coeffi cient of variation in the four observation periods, it can be concluded that groups TC+, PH and PHP were homogeneous, unlike group C- (Table 1) .
One-way ANOVA showed that there were signifi cant differences in the average weight gain between groups in all of the periods monitored (in the fi rst week F=10.983, p<0.001, in the second F=14.868, p<0.001, in the third F=5.368, p=0.003, and in the whole three-week experimental period F=17.315, p<0.001). Tukey test revealed signifi cantly (p≤0.05) lower weight gain in group C-than in pigs treated with the antibiotic (TC+), or with phytogenic additives (PH and PHP) in all of the four periods. The average weight gains between groups TC+, PH and PHP did not differ signifi cantly in any of the observed periods. In the fi rst week feed conversion ratio (FCR) in the TC+, PH and PHP groups (1.84, 1.80 and 1.81, respectively) was lower by 6.60%, 8.63% and 8.12%, respectively, compared to C-group (1.97). In the second week the ratio between feed input and weight gain was even more favorable: in comparison with the FCR of C-group (2.07), FCR in the TC+, PH and PHP groups (1.85, 1.82 and 1.82, respectively) decreased 10.63%, 12.08% and 12.08%, respectively). At the end of the experiment, in its third week, FCR was 1.95, 1.97, 1.96 and 2.38 in the TC+, PH, PHP and C-groups, respectively; so for each kilogram of weight gain 18.06%, 17.23% and 17.65% less feed was consumed in the TC+, PH and PHP groups, respectively, than in the Cgroup. In addition, in the fi rst two weeks the FCR was 2.16% lower in PH and PHP groups than in the TC+ group. In the experiment as a whole (days 0-21), FCR was 1.89, 1.87, 1.87 and 2.13 in the TC+, PH, PHP and C-groups, respectively. Thus, FCR decreased by 11.27%, 12.21% and 12.21% in the TC+, PH and PHP groups in comparison with the C-group.
The lowest feed intake was recorded in the C-group. In comparison with the average feed intake in the negative control, in the 1 st week the average feed intake in group TC+ increased by 7.71%, in group PH by 5.75% and by 6.12% in group PHP. In the week which followed, these differences increased: 21.25% (TC+), 30.34% (PH) and 30.83% (PHP). In the 3 rd week the increase in average feed consumption reached 25.10% (TC+), 23.84% (PH) and 25.00% (PHP). In the experiment as a whole (days 0-21), the average feed intake was higher than in the C-group by 18.39% in the TC+ group, 20.17% in group PH and 20.87% in group PHP.
DISCUSSION
To the authors' knowledge this is the fi rst research into the effi cacy of phytogenic products in SD prevention and control evaluated in a clinical trial. The need for testing the effi cacy of such products has increased in the recent years due to the abundance of the reports about decreased susceptibility of B. hyodysenteriae to antibiotics most commonly used in the prevention and treatment of SD. Besides, ineffi cacy of drugs in the treatment of SD in endemically infected herds or preventing disease outbreak in SD-free herds, and decreased susceptibility of B. hyodysentariae isolates present an additional risk for the emerging of resistant B. hyodysenteriae clones to some or even all antibiotics that are commonly used to treat SD, and which then can be spreading on the farm or between the farms through common sources [11, 19] . Consequently, alternative measures for the control of SD are more than welcome.
The potential of phytogenic compounds in the prevention and control of enteric diseases in pigs is worth to be studied because of their benefi cial impact on gut microbiota, digestive function and growth performance of weaning pigs [25, [34] [35] [36] . Besides, herbal-based products are generally recognized as safe (GRAS), and do not cause resistance in bacteria or adverse effects on animal health and consumer safety [21, 26] . However, only in a few in vitro studies, the activity of herbal-derived compounds against B. hyodysenteriae was tested [29] [30] [31] . In our study, the effi cacy of phytogenic products in the prevention and control of outbreaks of SD was monitored in vivo, by evaluating the effects of two phytogenic feed additives, Patente-Herba® and Patente-Herba® Plus.
The results of this study suggest that both additives tested exert effi cacy in prevention and control of outbreaks of SD. B. hyodysenteriae, the causative agent of SD, was confi rmed in all samples microbiologically and with PCR. This conclusion is based on the results of fecal analysis which detected normal or soft stool in groups supplemented with either additive (Patente-Herba® or Patente-Herba® Plus), while all feces categories were recorded in the negative control. It is important to emphasize that the frequencies of feces categories signifi cantly differed (p<0.001) between feedsupplemented groups and the negative control group.
The results of weight gain measurements also suggest benefi cial effect of both additives in this study, as signifi cant differences between groups in all of the periods monitored resulted from signifi cantly (p≤0.05) lower weight gain in the negative control compared to groups treated with either additive. Higher feed intake in groups that consumed feed with phytogenic additives can be associated to essential oils stimulative effects on appetite due to enhanced fl avor and odor of feed [24] . Lower FCR results observed in the whole three-week experimental period (days 0-21) in PH (1.89), PHP (1.87) and CT+ (1.87) groups compared to the negative control (2.13), can contribute to the cost effi cacy of the tested phytogenic additives. In the same line, it is worth highlighting that PHP additive in a dose of 1 kg/t exerts the same effect as PH in the dose of 2 kg/t.
Our results indicate that both tested additives have an effi cacy in the prevention of SD comparable to tiamulin, since the noticed frequency of the different feces categories did not signifi cantly differ between additives-fed groups and antibiotic-treated group. In addition, the effects of tested additives are comparable, as there were no signifi cant differences in the structure of feces between additive-fed groups. Accordingly, neither of the tested additives showed any advantage over the other. The same conclusions were drawn from the results of weight gain measurements, as this parameter did not differ signifi cantly between additive-fed groups, and between any of additive-fed groups and the tiamulin-treated group in all of the periods observed.
The effi cacy of thymol and carvacrol against B. hyodysenteriae, as well as their synergistic effect has been confi rmed in vitro [30] . Since both essential oils are present in the tested additives we could speculate that the in vivo antimicrobial activity of these is certainly partly responsible for the effi cacy of Patente-Herba® and Patente-Herba® Plus in the control of SD. In a recent research conducted by Draskovic et al. [27] PatenteHerba® Plus has shown effi cacy in the control of proliferative enteropathy (caused by Lawsonia intracellularis) and improved feed effi ciency in pigs.
In summary, to our best knowledge, this is the fi rst in vivo study in which the effect of phytogenic products in the control of SD was assessed. The tested additives Patente-Herba® and Patente-Herba® Plus proved effective in the treatment of this devastating pig illness caused by B. hyodysenteriae. Although the effects of the products in the prevention and control of SD were comparable with those of tiamulin, the use of herbal-based products should be stimulated to reduce the risk for the emergence of resistant B. hyodysenteriae isolates and avoid problems associated with the use of antibiotics.
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EFIKASNOST DVA FITOGENA ADITIVA U KONTROLI DIZENTERIJE SVINJA DELIĆ Nikola, DRAŠKOVIĆ Vladimir, STEVANOVIĆ Jevrosima, SAVIĆ Božidar, LAKIĆ Nada, BOŠNJAK-NEUMÜLLER Jasna, STANIMIROVIĆ Zoran Suzbijanje dizenterije svinja antibioticima često je neefi kasno zbog rezistencije uzročnika Brachyspira hyodysenteriae. Dejstvo nekih biljnih sastojaka protiv B. hyodysenteriae već je bilo izučavano u uslovima in vitro. Cilj ovog rada je procena in vivo efi kasnosti fi togenih aditiva u kontroli dizenterije svinja.
Istražiavanje je obavljeno na 64 odlučena praseta starosti sedam nedelja podeljenih u 4 grupe: dve su dobijale hranu u koju je dodat aditiv Patente Herba®, odnosno Patente Herba® Plus, treća je dobijala tiamulin (pozitivna kontrola), a četvrta je predstavljala negativnu kontrolu jer nije dobijala ni aditiv, niti antibiotik. Konzistencija fecesa je beležena svakog dana. Prisustvo B. hyodysenteriae u fecesu ispitivano je jednom nedeljno primenom mikrobioloških metoda i PCR testa. Prirast i konverzije hrane izračunati su za svaku nedelju posebno, kao i za ceo eksperimentalni period.
B. hyodysenteriae je dokazana u svim uzorcima primenom obe metode. Aditivi su pokazali efi kasnost u prevenciji i suzbijanju dizenterije svinja s obzirom da je u svim treti-ranim grupama zabeležen samo normalan i mek feces. Nasuprot tome, u negativnoj kontroli ustanovljene su sve kategorije fecesa. Učestalost kategorija fecesa značajno (p<0,001) se razlikovala između tretiranih grupa i negativne kontrole. Efi kasnost oba aditiva u prevenciji dizenterije svinja može se uporediti sa efi kasnošću tiamulina, s obzirom da između tih grupa nije bilo značajnih razlika u učestalosti kategorija fecesa.
Korisni efekti oba ispitivana aditiva doveli su do značajno većeg (p≤0,05) prirasta i značajno niže (p≤0,05) konverzije hrane u poređenju sa negativnom kontrolom. Prosečan prirast nije se značajno razlikovao između grupa koje su dobijale aditive i grupe tretirane antibiotikom.
